Escherichia coli by the aid of RP4::mini-Mu. The R-prime plasmids generated carried 60 to 80 kilobases (kb) of E. cloacae DNA and coded for the chromosomal E. cloacae 3-lactamase. The gene was fully expressed in the recipient. Restriction endonuclease EcoRI fragments of the R-prime plasmid pBP100 were cloned into the vector pBP328, yielding the plasmid pBP102 with a size of 14 kb. A restriction map of this plasmid was constructed. By digesting pBP102 into seven PstI fragments, ligating the fragments, and looking for the smallest plasmid generated, pBP103 was isolated. It consisted of three PstI fragments, two of them (together 4.2 kb) necessary for resistance. During the experiment (performed in a recA+ background) the largest PstI fragment had undergone a substitution of a 0.3-kb segment of pBP102 by a 0.7-kb segment in pBP103 (as deduced by heteroduplex analysis). The bla gene of resistant E. cloacae strains was dominant over the gene of susceptible organisms.
The resistance gene for 1-lactamase-stable cephalosporins from Enterobacter cloacae was transferred to Escherichia coli by the aid of RP4::mini-Mu. The R-prime plasmids generated carried 60 to 80 kilobases (kb) of E. cloacae DNA and coded for the chromosomal E. cloacae 3-lactamase. The gene was fully expressed in the recipient. Restriction endonuclease EcoRI fragments of the R-prime plasmid pBP100 were cloned into the vector pBP328, yielding the plasmid pBP102 with a size of 14 kb. A restriction map of this plasmid was constructed. By digesting pBP102 into seven PstI fragments, ligating the fragments, and looking for the smallest plasmid generated, pBP103 was isolated. It consisted of three PstI fragments, two of them (together 4.2 kb) necessary for resistance. During the experiment (performed in a recA+ background) the largest PstI fragment had undergone a substitution of a 0.3-kb segment of pBP102 by a 0.7-kb segment in pBP103 (as deduced by heteroduplex analysis). The bla gene of resistant E. cloacae strains was dominant over the gene of susceptible organisms.
Strains of Enterobacter cloacae were the first members of the Enterobacteriaceae family to develop resistance to what until now have been called f-lactamase-stable cephalosporins, such as cefotaxime. The resistant strains produce constitutively large amounts of the chromosomal lactamases A and B (27) but do not hydrolyze the drug (30) . Since the enzymes have a high affinity for the drug, a trapping mechanism (31), a barrier built up by the lactamase molecules (15, 24, 29, 33) , and other intrinsic factors such as a penetration barfier or altered target enzymes have been postulated as the mechanism of resistance (11, 20, 23) .
The aim of our research was to demonstrate whether the lactamase is the sole reason for the resistance and to characterize the resistance gene after transferring it into Escherichia coli. We used the vector pULB113 created by van Gijsegem and Toussaint (13) , a wide-host-range plasmid (RP4) with an inserted Mu derivative, mini-Mu (10). RP4::mini-Mu randomly transposes into the chromosome and, after a recombination and deletion event, generates Rprime progeny which can be selected by conjugation into appropriate recipients. The occurrence of cefotaxime-resistant (Ctxr) transconjugants should show immediately whether or not the gene is expressed. Furthermore, the R-prime plasmids can be used as tools for subcloning the resistance gene and for constructing merodiploid E. cloacae strains to study the dominance of the gene.
MATERIALS AND METHODS
Strains. Bacterial strains and plasmids used are listed in Table 1 .
Media. Bacterial strains were grown in L-broth (18) (27) .
Preparation of crude enzymne extracts and isoelectric focusing of I8-lactamases. Techniques for the preparation of crude enzyme extracts and for isoelectric focusing of 1-lactamases are described in detail elsewhere (27) . Matings. All matings were perforrned on membrane filters to yield good transfer frequencies. Generally, donor and recipient cultures were grown to an optical density of 0.8 at 546 nm at 37°C, but for gene transfer conjugations with RP4::mini-Mu, the donor cells were first grown to an optical density of 0.5 at 546 nm at 32°C, after which mini-Mu was induced by shaking the cells at 43°C for 2 h. Samples (2.5 ml) of the two cultures were mixed and centrifuged, and the pellet was suspended in 0.2 ml of medium for spreading on membrane filters. The filters were placed on NI plates and incubated for 3 to 5 h at 37°C. Bacteria were washed from the filters, diluted with 10 mM MgSO4, and spread on appropriate selective plates. Strains containing RP4 were selected on plates containing ampicillin, tetracycline, and kanamycin. Transconjugants with R-prime plasmids were either selected on cefotaxime-containing medium or on minimal medium supplemented with all required nutrients except that of the selected marker.
Isolation of plasmid DNA. Large plasmids were isolated as Restriction endonuclease digestion and ligation. All restriction enzymes and T4 ligase were used as recommended by the producer, Boehringer.
Agarose gel electrophoresis. Plasmid molecules and restriction fragments were separated on agarose gels as described by Schmidt et al. (26) .
Assay for Mu immunity. Phage immunity testing was performed as described by van Gijsegem and Toussaint (13) .
Electron microscopy. Heteroduplex molecules were prepared by the formamide technique of Davis et al. (8) . For length calculations, double-and single-stranded DNAs of phage 4X174 were used as internal standards (5,357 base pairs) (25) . Contour lengths were measured with a Numonics digitizer.
RESULTS
Formation of the R-prime pBP100. We conjugated RP4::mini-Mu into E. cloacae 208, selecting for tetracycline and kanamycin resistance (Tcr Kmr) and for Mu immunity at 30°C. These transconjugants then served as the source for the formation of R-prime plasmids. The recipient E. coli XC33 was recA to facilitate finding the R-prime plasmids. The donor was counter selected with spectinomycin and nalidixic acid, and as a positive control, we calculated from minimal medium the number of transconjugants that received the marker arginine (arg+). In two independently performed experiments, the frequency of transfer for arg+ was 10-5 to 10-6 , whereas for the recovery of Ctxr E. coli XC33 colonies it was 10-6 to 10-7. Forty of the Ctxr transconjugants were analyzed further. All Il-Lactamase profile and antibiotic susceptibility of strains containing pBP100. We prepared crude enzyme extracts, visualizing the 13-lactamase with the chromogenic cephalosporin nitrocefin after isoelectric focusing on polyacrylamide gels (Fig. 2) . The donor, E. cloacae 208, and the recipient, E. coli XC33(pBP100), produced an enzyme with an isoelectric point of 8.8. In addition, E. coli XC33(pBP100) contained plasmid TEM-2, coded for by RP4. A more detailed comparison of the enzyme kinetic parameters (27) and were tested for chloramphenicol susceptibility (Cm'). Plasmids from Tcr Ctxr CMs colonies were extracted, digested, and double digested with six different endonucleases (PstI, EcoRI, Sall, BamHI, and HindIII). The fragments were run on agarose gels, and the sizes were determined. Plasmid pBP102 was shown by summing the fragment sizes to have a size of 14.0 kb. We constructed the restriction map given in Fig. 3 . In addition to plasmid pBP102, we found molecules which had received the 9.1-kb EcoRI fragment from pBP100 in the opposite direction, as could be deduced from digestion with PstI and Sall.
Construction of plasmid pBP103. Since the EcoRI passenger DNA fragment from pBP102 still had 9.1 kb and since the presence of the plasmid TEM gene from pBR328 affected our enzymatic studies with the E. cloacae 3-lactamase, we tried to reduce the plasmid size and inactivate the TEM gene. pBP102 was cut into seven PstI fragments and religated to produce a smaller plasmid, which we hoped would contain those fragments necessary for Ctxr and the fragment harboring the Tcr gene together with the origin of replication from the vector. We transformed the ligated DNA into E. coli SK1592 and isolated the plasmids from 96 different Ctxr and Tcr clones. The smallest plasmid generated in this way, designated pBP103, had 9.2 kb and contained three PstI fragments (5.0, 2.15, and 2.05 kb), the largest of which contained the Tcr gene and the origin of replication. After digestions and double digestions with the enzymes mentioned above, a restriction map could be constructed (Fig.  3) . Among the 96 colonies, there were none with only two PstI fragments, and all efforts to clone the Sall fragment from pBP103 into pBR328 failed, so the logical location of the bla gene was between positions 6 Fig. 4 ; a schematic drawing showing the PstI sites of both plasmids is also given). There were two parts of nonhomology between pBP102 and pBP103. First, there was a loop of 4.4 kb which, corresponding to the restriction map given in Fig. 3 , contained three of the four PstI fragments lost during the cloning experiments generating pBP103. Further to the left in the schematic drawing, there is a bubble structure formed by an 0.7-kb segment of pBP103 and a 1.1-kb segment of pBP102 which did not hybridize. The 1.1-kb segment contained the 0.8-kb PstI fragment of pBP102. The remaining 0.3 kb of this loop belonged to the 4.6-kb PstI fragment. The other side of the loop was an 0.7-kb section which was part of the largest (5.0 kb) PstI fragment of pBP103. This suggested that an 0.3-kb piece of the 4.6-kb fragment of pBP102 had been substituted by an 0.7-kb segment in pBP103, thus increasing the size of the largest PstI fragment from 4.6 to 5.0 kb.
Formation of a merodiploid E. cloacae strain. Plasmid pBP100 was transferred into the Ctx5 nalidixic acid-resistant (Nal') E. cloacae 14 by conjugation to check whether the mutation to Ctxr occurred in the promoter-operator region or in the repressor gene. All transconjugants we generated were Ctxr, demonstrating the dominance of the mutant allele. DISCUSSION Ctxr E. cloacae strains are frequently isolated in nature, and resistant mutants from sensitive laboratory strains occur with a high frequency (12, 17, 27) . Natural strains and mutants produce large amounts of a chromosomal ,B-lactamase of either the E. cloacae P-lactamase A or B type (27) .
The resistance mechanism has remained doubtful since the ,B-lactamases hydrolyze cefotaxime very little (27, 31) (21) . The data from Table 2 therefore strongly indicate that the bla gene from E. cloacae is fully expressed in E. coli. This is not necessarily so since the chromosomal cephalosporin of Citrobacter freundii is poorly expressed in E. coli (32) , and TEM P-lactamases from E. coli are only poorly expressed in Proteus mirabilis (29) .
To get rid of unnecessary DNA and to analyze whether we had transferred a repeated sequence of bla genes, we subcloned the Ctxr gene into plasmid pBP328 in analogy to the transducing experiments of Normark et al. with the E. coli ampAC gene (22) . The resulting plasmid, pBP102, contained a 9.1-kb fragment of pBP100, and like the donor plasmid, it mediated the Ctxr character by the E. cloacae 3-lactamase A. We found pBP102 plasmids with the EcoRI fragment inserted in either direction; thus, the E. cloacae gene must be transcribed by an E. cloacae promoter. Further cloning experiments generated plasmid pBP103 with a 4.2-kb passenger DNA. That is about three times the amount of DNA needed for a protein with a molecular weight of 40,000, the size of the chromosomal P-lactamase of E. cloacae (20) , but considering that the bacterial chromosome contains about 3,000 genes, it is very unlikely that we transferred other genes responsible for additional resistance mechanisms. The restriction pattern of pBP103 indicates that the bla gene does not occur repeatedly. Such an amplification has been shown to be the cause for high resistance to ampicillin in E. coli (22) .
The E. cloacae ,B-lactamase is inducible in Ctxs organisms but is constitutively expressed in resistant cells (27) . On the other hand, the same enzyme is produced by resistant and by susceptible strains (27) , so the mutation towards resistance alters the regulation of the gene. To find out whether the mutation is located in the repressor gene or in the operatorpromoter region, we constructed merodiploid cells for the bla allele by transferring pBP100 into the Ctxs strain E. cloacae 14. Since this strain should produce an intact repressor molecule, if the operator-promoter region of the bla gene on plasmid pBP100 is intact, the repressor should bind to it and render the transconjugants Ctxs. Since all 48 transconjugants which we tested retained their resistance, the mutation is localized in the operator-promoter region.
We can provide only a tentative explanation for the instability of plasmid pBP102. There must be homology between E. cloacae genes and those of E. coli. A particular homology can be expected between the bla genes, as has been described by Bergstrom et al. (2) 
